Calorimetric and spectroscopic investigations of the binding of metallated porphyrins to G-quadruplex DNA.
The human telomere contains tandem repeat of (TTAGG) capable of forming a higher order DNA structure known as G-quadruplex. Porphyrin molecules such as TMPyP4 bind and stabilize G-quadruplex structure. Isothermal titration calorimetry (ITC), circular dichroism (CD), and mass spectroscopy (ESI/MS), were used to investigate the interactions between TMPyP4 and the Co(III), Ni(II), Cu(II), and Zn(II) complexes of TMPyP4 (e.g. Co(III)-TMPyP4) and a model human telomere G-quadruplex (hTel22) at or near physiologic ionic strength ([Na(+)] or [K(+)]≈0.15M). The apo-TMPyP4, Ni(II)-TMPyP4, and Cu(II)-TMPyP4 all formed complexes having a saturation stoichiometry of 4:1, moles of ligand per mole of DNA. Binding of apo-TMPyP4, Ni(II)-TMPyP4, and Cu(II)-TMPyP4 is described by a "four-independent-sites model". The two highest-affinity sites exhibit a K in the range of 10(8) to 10(10)M(-1) with the two lower-affinity sites exhibiting a K in the range of 10(4) to 10(5)M(-1). Binding of Co(III)-TMPyP4, and Zn(II)-TMPyP4, is best described by a "two-independent-sites model" in which only the end-stacking binding mode is observed with a K in the range of 10(4) to 10(5)M(-1). In the case of apo-TMPyP4, Ni(II)-TMPyP4, and Cu(II)-TMPyP4, the thermodynamic signatures for the two binding modes are consistent with an "end stacking" mechanism for the higher affinity binding mode and an "intercalation" mechanism for the lower affinity binding mode. In the case of Co(III)-TMPyP4 and Zn(II)-TMPyP4, both the lower affinity for the "end-stacking" mode and the loss of the intercalative mode for forming the 2:1 complexes with hTel22 are attributed to the preferred metal coordination geometry and the presence of axial ligands. The preferred coordination geometry around the metal center strongly influences the energetics of the interactions between the metallated-TMPyP4 and the model human telomeric G-quadruplex.